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SUMMARY

Smoking during pregnancy is causally associated with reduced birth weight and is strongly related to preterm birth. Smoking cessation in early
pregnancy seems to reduce these risks, although the research evidence is limited. In a sample of Romanian women, differences in birth outcomes
were assessed between non-smokers and women who continued to smoke during pregnancy and non-smokers and women who stopped smok-
ing when they found out about the pregnancy. Pregnant women were recruited in two urban clinics (N=474). A baseline questionnaire collected
information on their smoking status, depressive symptoms, stress, demographics, and other characteristics at recruitment. The women reported
the newborn weight and birth term by phone in the first weeks following birth. Descriptive statistics and multivariate regressions were used to ana-
lyze the relationship between smoking status during pregnancy and birth outcomes. Over 61% (N =290) women were non-smokers, 15% (N=72)
smoked during pregnancy, and 24% (N=112) quit smoking when they found out about the pregnancy. Compared to non-smokers, continuous
smokers delivered babies 165 grams lighter (95% CI =313, -17). Women who stopped smoking when they ascertained the pregnancy had higher
odds of delivering a newborn who was small for gestational age compared to non-smokers (OR=2.16, 95% Cl 1.05, 4.43). Elevated maternal
stress was associated with reduced birth weight (-113 grams, 95% Cl -213, -11), and higher odds of a preterm birth (OR=2.8, 95% CI 1.17,
6.76). In a predominantly urban sample of Romanian women, continuous maternal smoking during pregnancy was a risk factor for restricted foetal
growth. Smoking cessation when the pregnancy was ascertained did not seem to reduce this risk. Smoking prevention efforts should therefore

begin before pregnancy and should integrate psychological components, addressing maternal stress in particular.
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INTRODUCTION

Smoking during pregnancy is causally associated with reduced
birth weight, and existing evidence suggests that smoking is
strongly related to preterm birth, placental abruption, stillbirth,
ectopic pregnancies, and placenta previa (1). Review studies have
established the causal effects of pregnancy smoking on foetal
growth restriction, and increasing evidence suggests that preg-
nancy smoking may cause preterm birth, although the reported
smoking-related risks of preterm birth are relatively modest in size
(1-3). Many of the performed studies were not able to distinguish
between continuous smokers during pregnancy and those who
quit during pregnancy. Those who did, however, found that smok-
ing cessation improves foetal growth, and increases gestational
periods (1-5). The few studies of women who stopped smoking
early in the pregnancy showed that the birth weight, delivery
gestational age, and the risks of preterm and small for gestational
age births were the same as those of infants born to non-smokers

(6-8). In addition, other factors not always accounted for in prior
studies, may have confounded the relationship between prenatal
smoking and birth outcomes, in particular stress and mental health
during pregnancy (9, 10). Most of the available research on the
relationship between prenatal smoking and birth outcomes has
used data from developed countries. The majority of the studies
included in systematic reviews focused on populations in Western
Europe and North America (1-3). The evidence from Central and
Eastern Europe (CEE) and other developing regions is limited.
Smoking prevalence has increased through the 1990s in the
former communist countries in CEE, especially among young
women (1, 11). In Romania, there was a significant increase in
smoking among women from 11% smoking in 1989 to 30% in
1999. A recent national survey indicated that smoking among
women has decreased to 16.7% in Romania, with the highest
smoking rate in the 25-44 age group at 24% (12). A recent
study on tobacco use in 3 billion individuals from 16 countries,
including 14 low and middle-income countries, the UK, and the
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US, reported smoking rates among women ranging from 0.5%
in Egypt and below 3% in China and India, to 11% in Ukraine,
15% in Turkey, and over 24% in Poland (13). The smoking rate
among women in the US was 17.5% (14).

The research literature on smoking during pregnancy in the
CEE region is not voluminous, nevertheless, it has been increasing
in the recent years. We previously found a self-reported smoking
rate during pregnancy of 15%, with an additional 24% women
reporting quitting when they ascertained the pregnancy in a large
urban sample in Romania (11). A few other CEE studies found
self-reported smoking rates of 24% ever during pregnancy in a
large-sample Romanian study (15) and 26% in the third pregnancy
trimester in Serbia (16). A Polish study found 25-30% self-
reported and 33—41% biochemically verified smoking rate during
pregnancy (17). Smoking during pregnancy was substantially
lower in many developed countries, with rates between 9-15%
in the USA, Canada and Europe (1, 18-20).

We proposed an assessment of the impact of smoking during
pregnancy on birth outcomes in a sample of Romanian women.
Our contributions are the differentiation between continuous
smokers and women who quit when they found out about their
pregnancy, in an unexplored population, living in different social,
economic, and cultural environment than previously studied
populations; dose-response analyses of the effects of pregnancy
smoking and cessation on birth outcomes; and adjustments for
potential confounding factors, some previously undocumented
in the region. The specific objectives of this study were to assess
differences in birth outcomes — small for gestational age (SGA)
birth, preterm birth, birth weight, and gestational age at birth be-
tween non-smokers and women who continued to smoke during
pregnancy; and non-smokers and women who stopped smoking
when they learnt about the pregnancy. This provides additional
evidence for approaching smoking cessation before and during
pregnancy in the context of improving maternal and child health,
facilitating potential efforts in Romania in particular.

MATERIALS AND METHODS

This study is based on the Smoking during Pregnancy in Ro-
mania — SPRO project (11, 21). Briefly, pregnant women aged
18 or older who sought antenatal care or were confined in bed
in the two largest obstetrics-gynecology clinics in Cluj-Napoca,
Romania, between November 2008 and August 2009 were invited
to participate in the SPRO project. The response rate at recruitment
during pregnancy was over 80% at both clinics. The total number
of recruited pregnant women was 916 (11). Baseline data at re-
cruitment was self-reported through a detailed questionnaire (21).
The present study is based on 474 women who were followed-up
by phone in the first weeks after birth (follow-up rate 52%). The
study was approved by the Institutional Review Board of Babes-
Bolyai University in Cluj-Napoca, Romania. Details about the
SPRO project were described elsewhere (11). Informed consent
was obtained from each participant.

Smoking during Pregnancy
Cigarette smoking status was self-reported (not smoking,
quitting upon learning about pregnancy, and continuous smoking

during pregnancy), and was defined relying on the multiple choice
question ‘Do you currently smoke cigarettes?” The question was
part of the baseline interview at recruitment during pregnancy.
The first answer option was ‘Yes’, the second ‘I do not smoke
now and did not before pregnancy’, and two options for quitting,
which we grouped together: ‘I quit since learning I was pregnant
and I intend to stay smoke free’ and ‘I quit since learning I was
pregnant and I will probably smoke again after delivery’. The
question was initially developed by Mullen et al. (22) and was
previously used in the research literature (23, 24). We adapted it
to measure postnatal relapse intentions of self-reported quitters.

Outcomes

Birth weight (in grams) and completed gestation weeks at birth
were self-reported during the follow-up phone interview in the
first weeks after delivery. Small for gestational age (SGA) was
defined as birth weight below the 10th percentile. We generated
growth charts for our study population using the Gestation Related
Average Weight (GRAW) tool (www.gestation.net/fetal _growth/
graw/index.htm). Gestational age at birth was expressed in com-
pleted pregnancy weeks. Preterm births were defined as deliveries
with a gestational age at birth less than 37 completed weeks.

Covariates

The covariates were described in detail elsewhere (11). Briefly,
the Romanian translation of the Patient Health Questionnaire-2
(PHQ-2) screening tool (25) was used to binary assess depressive
symptoms during pregnancy, and a high stress binary indicator
was defined based on a stress score equal or higher than the
median sample value of 4 measured on the Perceived Stress
Scale-4 (26). Other binary covariates included age 35 or older;
education college or higher; rural living; unmarried; an indica-
tor for unwanted pregnancy; and an indicator of whether the
pregnancy was the first. Over 68% of the women in our sample
were interviewed at baseline during one of their prenatal visits.
The other 32% were hospitalized in the clinics at the baseline
interview, as recommended by their prenatal provider, because
ofa difficult pregnancy. A binary indicator distinguished between
these two categories.

Statistical Analysis

We analyzed reported descriptive statistics (counts and per-
centages in Table 1) to explore unadjusted differences in birth
outcomes and various characteristics between non-smokers,
women who quit when they learnt about the pregnancy, and
continuous smokers during pregnancy. We used chi-square or
Fisher’s exact test to compare categorical variables, as appro-
priate, and Student’s t test for comparing continuous variables
between the three smoking groups. We used multiple regressions
(linear ordinary least squares regression, logistic regression) to
identify the effects of non-smoking and quitting, adjusting for
other potential confounders. Twin births were excluded from the
multivariate analyses (n=9).

To account for potential differences between the pregnant
women confined to bed and the rest of the sample, we included
a ‘confined’ indicator for women who were hospitalized at the
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baseline interview. As approximately four percent of the ‘con-
fined’ indicator and stress scores were missing, we recoded the
missing values to ‘no’ and added ‘missing — yes/no’ indicators
in the regression analyses in order to maximize the number of
observations retained in the analyses.

As the baseline data were collected in two prenatal hospitals
and the vast majority gave birth in the same two hospitals, we
tested for nesting within locations. We performed multiple re-
gressions accounting for (xtmixed and xtmelogit in Stata), and
then ignoring, the hierarchical structure of the data. Likelihood
ratio tests found no evidence of nesting within the hospitals.
We reported non-nested regression results (Tables 2 and 3). All
analyses were performed using Stata (Stata Statistical Software,
release 11; Stata Corp, College Station, TX, USA).

RESULTS

Baseline Characteristics and Bivariate Analyses

Except for a higher percentage of college graduates (p=0.03)
and a lower share of women who were confined in bed at the time
of the baseline interview (p=0.08), there were no other statisti-
cally significant differences between women who answered the
follow-up questions after birth — the subjects of this study — and
those who were lost to follow-up (unreported results, available
from the authors).

Table 1 indicates that smokers had a higher prevalence of el-
evated stress during pregnancy (61.9%) compared to non-smokers
(50.1%) and women who quit when they found out about the preg-
nancy (51.9%). Smokers were less likely to be 35 or older and to
have graduated college (5.7% and 21.1%) compared to non-smokers
(12.6% and 62.4%) and those who quit (14.5% and 50.9%).

The average birth weight in our sample was 3,340 grams.
Infants born by women who smoked during pregnancy had the

lowest birth weight (3,176 grams on average) compared to women
who quit smoking (3,340 grams) and non-smokers (3,382 grams).
Smokers had higher rates of SGA (15.7%) and preterm birth
(11.3%) compared to non-smokers (7.4% and 6.6%), and women
who quit during pregnancy (15.6% and 9.8%).

Multiple Regression Analyses

Tables 2 and 3 report the results of multiple regression analyses
for four birth outcomes: birth weight (in grams), gestational age
at birth (weeks), SGA, and preterm birth. Compared to women
who did not smoke during pregnancy, smokers delivered, on
average, babies 165 grams lighter (95% CI =313, —17). Smokers
also delivered at shorter gestational ages (—0.25 weeks) and had
higher odds of SGA (OR=1.79) and preterm birth (OR=1.29),
but the results were not statistically significant. Unreported
results indicated that, compared to women who did not smoke
during pregnancy, the babies whose mothers smoked 10 or more
cigarettes daily were 248 g lighter (95% CI —491, —5), while the
babies whose mothers smoked fewer than 10 cigarettes daily were
135g lighter (95% CI—301, —32). Further, the SGA odds ratio for
women who smoked 10 or more cigarettes daily was 2.01 com-
pared to non-smokers, while the SGA odds ratio for women who
smoked fewer than 10 cigarettes daily was 1.34, but the results
were not statistically significant.

Women who stopped smoking when they ascertained their
pregnancy had higher odds of SGA (OR=2.16,95% CI 1.05, 4.43)
compared to non-smokers (Table 2). Women who stopped smok-
ing also delivered lighter babies (—48 g), at shorter gestational ages
(—0.16 weeks), and had higher odds of preterm birth (OR=1.41),
but the results were not statistically significant (Tables 2 and 3).

Women who reported high levels of stress during pregnancy
delivered newborns of smaller weight (—113 grams, 95% CI -213,
—11), and had higher odds of preterm birth (OR=2.8, 95% CI
1.2, 6.8) compared to women reporting low stress. High stress

Table 1. Characteristics of pregnant women followed-up after birth by pregnancy smoking status

All Non-smokers Quitters Smokers
P value
N=474 N=290 N=112 N=72
Depressive symptoms (PHQ-2 positive) 64.8% 65.5% 65.8% 61.1% 0.75
High stress 52.4% 50.1% 51.9% 61.9% 0.28
Age 2 35 years 12.0% 12.6% 14.5% 5.7% 0.09
Education, college or higher 53.5% 62.4% 50.9% 21.1% <0.01
Live in rural area 23.3% 20.9% 13.6% 48.5% <0.01
Unmarried 11.5% 7.3% 11.8% 28.2% <0.01
Unwanted pregnancy 18.8% 18.1% 16.5% 25.4% 0.41
First pregnancy 59.6% 56.1% 67.0% 62.0% 0.19
Confined to bed during pregnancy 31.6% 32.7% 29.7% 29.9% 0.86
Birth weight (grams) 3,340 3,382 3,340 3,176 0.02
Small for gestational age newborn 10.6% 74% 15.6% 15.7% 0.02
Gestational age at birth (weeks) 39.1 39.2 38.9 38.8 0.67
Preterm birth (< 37 weeks) 8.0% 6.6% 9.8% 11.3% 0.44

Percentages and means are calculated based on the valid, non-missing, responses.

P values are for comparisons between the three groups using chi-square or analysis of variance tests, with post hoc Tukey test for pairwise comparisons of continuous variables.
@ Non-smokers vs. smokers (p<0.05). There were no other pairwise differences (p<0.05) in the continuous variables.
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Table 2. Associations between birth weight and term, pregnancy smoking status, mental health, demographics, and other

characteristics. Multiple linear regression analysis was used.

Birth weight Gestational age at birth
grams 95% ClI weeks 95% CI
Smoking (vs. non-smoking) -165* (=313, -17) -0.25 (-0.82,0.32)
Quitting (vs. non-smoking) -48 (-163, 67) -0.16 (-0.60, 0.29)
Depressive symptoms (PHQ-2 positive) -17 (=120, 86) -0.05 (-0.45, 0.34)
High stress -113* (-213,-11) -0.38* (-0.77,0.01)
Age 2 35 years -141* (=296, 13) -0.13 (-0.73, 0.46)
Education, college or higher -7 (=112, 98) -0.22 (-0.62,0.18)
Live in rural area -40 (-157,77) 0.18 (-0.28, 0.62)
Unmarried -114 (267, 37) -0.39 (-0.97,0.20)
Unwanted pregnancy -73 (=193, 47) -0.03 (-0.50, 0.43)
First pregnancy -102* (=202, -2) 0.01 (-0.39, 0.39)
Confined to bed during pregnancy 19 (86, 123) -0.69*** (-1.63, -0.49)

e ** % denote p-values <0.01; <0.05, and <0.10

Table 3. Associations between small for gestational age and preterm birth, pregnancy smoking status, mental health, demo-

graphics, and other characteristics. Multiple logistic regression analysis was used.

SGA Preterm birth
Odds Ratio 95% Cl Odds Ratio 95% Cl
Smoking (vs. non-smoking) 1.79 (0.74,4.32) 1.29 (0.46, 3.67)
Quitting (vs. non-smoking) 2.16™ (1.05,4.43) 1.41 (0.59, 3.37)
Depressive symptoms (PHQ-2 positive) 0.93 (0.46, 1.84) 0.98 (0.43,2.22)
High stress 147 (0.73,2.93) 2.81% (1.17,6.76)
Age = 35 years 1.52 (0.57,4.07) 0.94 (0.29, 3.00)
Education, college or higher 0.63 (0.31,1.28) 1.02 (0.44, 2.38)
Live in rural area 1.47 (0.71,3.04) 1.73 (0.74,4.04)
Unmarried 1.59 (0.68, 3.73) 0.84 (0.26,2.71)
Unwanted pregnancy 1.1 (0.52, 2.40) 1.09 (0.44,2.71)
First pregnancy 1.26 (0.64, 2.48) 1.45 (0.65, 3.21)
Confined to bed during pregnancy 0.89 (0.45,1.77) 2.41% (1.13,5.12)

SGA: small for gestational age baby; Preterm birth: birth before 37 completed pregnancy weeks.

** denote p-values <0.05

was also associated with lower gestational age at birth (—0.38
weeks) but the results were only marginally statistically signifi-
cant (p=0.06). Women aged 35 or above (—141 g, 95% CI —296,
—13) and women who had no prior pregnancies (—101 g, 95% CI
—202, —2) delivered smaller weight babies.

DISCUSSION

Continued smoking during pregnancy was significantly as-
sociated with lower birth weight compared to not smoking in a
sample of Romanian women. There was a dose-response relation-
ship between the number of cigarettes smoked and birth weight.
Continued smoking during pregnancy was also associated with
higher odds of SGA (including a suggested dose-response relation-
ship), reduced gestational ages at birth, and higher risk of preterm
birth, but the estimates were imprecise. Women who quit smoking
upon learning about their pregnancy did not have a similar risk of

SGA to non-smokers. High stress during pregnancy was strongly
associated with reduced birth weight and higher odds of preterm
birth and showed marginally significant associations with lower
gestational age at birth.

This was one of the very few studies in CEE linking smoking
in pregnancy to birth outcomes. We also contributed to the limited
research literature studying the link between quitting smoking early
during pregnancy and birth outcomes. Our findings on the link
between pregnancy smoking and birth outcomes are consistent
with the existing literature investigating populations in Northern
America and Western Europe. Prior literature found that smok-
ing during pregnancy was causally associated with reduced birth
weight, including a dose-response relationship, while the smoking-
related risk of prematurity was relatively modest (1-3, 27). There
were few prior studies on the relationship between smoking ces-
sation during pregnancy and birth outcomes. The incidences of
low birth weight, SGA, and preterm birth among mothers who
quit early, in general, by the end of the first pregnancy trimester
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or early second trimester, were similar to those of non-smokers
(7, 8, 28). Unlike some of the existing literature, our findings sug-
gest that the adverse effects of smoking on foetal growth may not
have been reduced by quitting when pregnancy was ascertained.

The current study also found a large and statistically significant
association between high perceived stress during pregnancy and
adverse birth outcomes, independent from smoking and other risk
factors. Women with high levels of perceived stress had children of
lower birth weight, and had higher rates of prematurity compared
to other women. Prior literature investigating perceived stress and
birth outcomes has produced mixed findings. Perceived stress was
associated with prematurity in some studies, but usually in com-
bination with other stress measures (10, 29). A more recent study
(30) found that perceived stress before 20 weeks of gestation was
associated with pregnancy complications, especially preterm birth.

We did not biochemically validate smoking status during
pregnancy, which was the main limitation of our study. It is
possible that some of the women who reported they quit when
they found out about the pregnancy in fact continued to smoke
(6, 17). In addition, women who stopped smoking may not have
recognized their pregnancy, and continued to smoke, until later
than the first trimester. These could be alternative explanations
for our SGA findings. An additional limitation of the study was
our inability to assess exposure to environmental tobacco smoke
(ETS). It is unclear how this limitation may influence our find-
ings because the evidence on the effects of ETS, in addition to
pregnancy smoking, on adverse birth outcomes is mixed (16, 31,
32). A Gestation Related Optimal Weight (GROW) chart was not
available for Romania, thus, as an alternative, we calculated SGA
using the Gestation Related Average Weight (GRAW) based on
the average birthweight at term in our sample (www.gestation.
net). However, SGA, accounting for both foetal growth as well
as gestational age at delivery, better identifies infants at higher
morbidity and mortality risks than low birth weight (birth weight
<2,500 g). As this study relied on cross-sectional data, it could not
determine causal effects of smoking and quitting during pregnancy
on birth outcomes. A final limitation was that our data consisted
of'a sample of mostly urban women, which was not representative
of the Romanian population of women or of the childbearing age
female population in Romania.

To conclude, smoking during pregnancy was a risk factor for
restricted foetal growth, and quitting when the pregnancy was
ascertained did not seem to reduce this risk in a predominantly
urban sample of Romanian women. Maternal perceived stress
during pregnancy was a risk factor for prematurity and reduced
foetal growth. Our findings reinforce the need for smoking pre-
vention efforts targeted at women of childbearing age to begin
before a pregnancy. Smoking cessation efforts in Romania should
integrate psychological components to address maternal antenatal
stress in particular.
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